Abstract: Leea indica (Vitaceae) is a Southeast Asian medicinal plant. In this study, an ethyl acetate fraction of L. indica leaves was studied for its phytoconstituents using high-performance liquid chromatography-electrospray ionization-mass spectrometry (HPLC-ESI-microTOF-Q-MS/MS) analysis. A total of 31 compounds of different classes, including benzoic acid derivatives, phenolics, flavonoids, catechins, dihydrochalcones, coumarins, megastigmanes, and oxylipins were identified using LC-MS/MS. Among them, six compounds including gallic acid, methyl gallate, (−)-epigallocatechin-3-O-gallate, myricetin-3-O-rhamnoside, quercetin-3-O-rhamnoside, and 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-β-D-glucopyranoside were isolated and identified by NMR analysis. The LC-MS/MS analysis led to the tentative identification of three novel dihydrochalcones namely 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-rutinoside, 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-glucosylpentoside and 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-(3"-O-galloyl)-β-D-glucopyranoside. The structural identification of novel dihydrochalcones was based on the basic skeleton of the isolated dihydrochalcone, 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-β-D-glucopyranoside and characteristic LC-MS/MS fragmentation patterns. This is the first comprehensive analysis for the identification of compounds from L. indica using LC-MS. A total 24 compounds including three new dihydrochalcones were identified for the first time from the genus Leea.
Introduction
Leea indica (Burm. f.) Merr. (Vitaceae), commonly known as Bandicoot berry, is an evergreen perennial shrub or a small tree of 2 to 16 m in height. It is distributed throughout Bangladesh, China, India, Malaysia, Singapore, North Australia, Thailand, and Vietnam [1] [2] [3] . Traditionally, L. indica is used as a remedy during pregnancy, for birth control, body pain, skin problems, and relief from dizziness [4, 5] . L. indica is reported to possess various pharmacological activities, e.g., analgesic, anti-angiogenesis, anti-oxidant, anti-inflammatory, anti-microbial, anti-proliferative, hepatoprotective, sedative, and anxiolytic activities [3, [5] [6] [7] [8] [9] [10] [11] [12] . The plant contains different classes of compounds including phenolics, terpenoids, phthalic acid derivatives, and steroids [13] [14] [15] . Currently, there are very few reports available on the phytochemistry of L. indica.
Results and Discussion

Isolation and Identification of Compounds
The methanolic extract of L. indica leaves was fractionated with hexane, dichloromethane and ethyl acetate. The dried yields were 0.005%, 0.027% and 1.32% respectively. Purification of the major organic ethyl acetate fraction by repeated column chromatography led to the isolation of compounds 1, 5, 10, 14, 18, and 27. The compounds were identified as gallic acid (1) [16] , methyl gallate (5) [17] , epigallocatechin-3-O-gallate (10) [18] , myricetin-3-O-rhamnoside (14) [19] , quercetin-3-O-rhamnoside (18) , [19] and 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-β-D-glucopyranoside (27) [20] by comparing their analytical data ( 1 H, 13 C and 2D-NMR, and LC-MS) with those reported in the literature [16] [17] [18] [19] [20] .
Identification of Dihydrochalcones by LC-ESI-MS/MS Analysis
The ethyl acetate fraction of L. indica leaves was analyzed by the LC-ESI-MS/MS method. While dihydrochalcone phloridzin has been previously reported in L. indica [13] , the other six dihydrochalcone derivatives have not been previously reported in the same plant species. The observed MS peaks including retention time, observed mass, calculated mass, molecular formula, ppm error, and MS/MS data are presented in Table 1 . The structural identification of three new dihydrochalcones 25, 26 and 29 was based on the relevance of the LC-MS/MS fragmentation patterns with the isolated compound 4 ,6 -dihydroxy-4-methoxy dihydrochalcone 2 -O-β-D-glucopyranoside 27. The MS/MS spectra of compounds 25, 26, 27 and 29, showed a common base ion peak at m/z 287 for 2 ,4 ,6 -trihydroxy-4-methoxydihydrochalcone, which is a characteristic ion formed by the loss of glycoside(s) and/or galloyl glycoside moieties.
The structural identification of three new dihydrochalcones 25, 26 and 29 was based on the relevance of the LC-MS/MS fragmentation patterns with the isolated compound 4',6'-dihydroxy-4-methoxy dihydrochalcone 2'-O-β-D-glucopyranoside 27. The MS/MS spectra of compounds 25, 26, 27 and 29, showed a common base ion peak at m/z 287 for 2′,4′,6′-trihydroxy-4-methoxydihydrochalcone, which is a characteristic ion formed by the loss of glycoside(s) and/or galloyl glycoside moieties. Figure S1 ). In the MS/MS spectrum, a characteristic fragment ion at m/z 287 as base peak suggested that this compound corresponded to a 2 ,4 ,6 -trihydroxy-4-methoxydihydrochalcone linked to a rutinose moiety, where the neutral loss of 308 Da is characteristic of the loss of a rutinose moiety [21] . Figure S1 ). In the MS/MS spectrum, a characteristic fragment ion at m/z 287 as base peak suggested that this compound corresponded to a 2′,4′,6′-trihydroxy-4-methoxydihydrochalcone linked to a rutinose moiety, where the neutral loss of 308 Da is characteristic of the loss of a rutinose moiety [21] . The LC-MS fragmentation patterns of the three novel dihydrochalcones (25, 26 and 29) were compared to the isolated dihydrochalcone (27), and we noted that the observed HR-MS data were in good agreement with the calculated masses. Further isolation of the peaks 25, 26 and 29 and spectroscopic analyses would be required to unambiguously confirm the proposed structures of these The LC-MS fragmentation patterns of the three novel dihydrochalcones (25, 26 and 29) were compared to the isolated dihydrochalcone (27), and we noted that the observed HR-MS data were in good agreement with the calculated masses. Further isolation of the peaks 25, 26 and 29 and spectroscopic analyses would be required to unambiguously confirm the proposed structures of these dihydrochalcones.
Materials and Methods
Plant Materials
Fresh ground leaves of L. indica were collected in Singapore. A voucher specimen (no. LI-0109) was deposited at the herbarium of the National University of Singapore (NUS) Medicinal Plant Research Group.
Chemicals and Reagents
Standards gallic acid, methyl gallate, myricitrin, quercitrin, epigallocatechin-3-O-gallate, ellagic acid, epicatechin, and kaempferol were purchased from Sigma-Aldrich (St. Louis, MO, USA). Phloridzin and epigallocatechin were purchased from TCI Co. Ltd. (Tokyo, Japan). LC-MS grade solvents (acetonitrile, methanol and formic acid) were purchased from MERCK (Darmstadt, Germany) and water used in LC analysis was obtained using Milli-Q advanced system (Millipore, Milford, MA, USA).
Extraction and Isolation
The fresh ground leaves of L. indica (2.8 kg) were macerated with 70% v/v MeOH at room temperature. The extract was filtered and concentrated under vacuum, yielding a crude methanolic extract. The dried methanolic extract was dissolved in water and partitioned with different solvents, concentrated under vacuum to give hexane (0.005%), dichloromethane (0.027%) and ethyl acetate (1.32%) fractions.
The ethyl acetate fraction (37.0 g) was chromatographed over silica gel using 25% EtOAc-hexane as eluent, yielding a white solid, which was recrystallized in CHCl 3 -MeOH as white needles of methyl gallate (60 mg). Fractions obtained from repeated silica gel column chromatography of EtOAc fraction using 6-10% MeOH-CHCl 3 as eluent were further purified by Sephadex (LH-20) and reversed phase cartridge yielding two compounds gallic acid (140 mg) and 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-β-D-glucopyranoside (12 mg). The estimated concentration of gallic acid in the fresh leaves was 0.005-0.011% w/w. Pooled fractions obtained from silica gel column chromatography of the EtOAc fraction using 10-20% MeOH-CHCl 3 were further subjected to Sephadex (LH-20) column chromatography. At an eluent concentration of 50% MeOH-water, a mixture of two compounds was obtained. It was further purified by silica gel column chromatography eluting with 8% MeOH-CHCl 3 and 10-12% MeOH-CHCl 3 to yield quercetin-3-O-rhamnoside (5 mg) and myricetin-3-O-rhamnoside (650 mg) respectively. Epigallocatechin-3-O-gallate (64 mg) was obtained from the silica gel column chromatography using 2-5% methanol in dichloromethane. The structures of isolated compounds 1, 5, 10, 14, 18, and 27 were confirmed by NMR and LC-MS analyses.
General Information
NMR spectra were recorded on a Bruker Avance-400 Spectrometer (Fallanden, Switzerland), 1 H at 400 MHz and 13 C at 100 MHz in deuterated solvents using tetramethylsilane (TMS) as an internal reference. Deuterated solvents, methanol-d 4 and dimethyl sulfoxide-d 6 for NMR were purchased from Sigma-Aldrich (USA).
Silica-gel (60-120, 100-200, 70-230 mesh; Merck, Germany), Sephadex LH-20 (Sigma, Uppsala, Sweden) and reversed phase C18 (77.9 µm) cartridge column from Waters (Ireland) were used for chromatographic separation. Thin layer chromatography was performed on pre-coated Si-gel 60 F 254 plates (Merck, Germany) using a visualizing reagent.
The LC-MS analysis was carried out using a Dionex Ultimate 3000 VWD system coupled with a VWD and a micro-TOF-Q mass detector (Bruker Daltonics Inc., Billerica, MA, USA). Chromatographic separation was performed on an RP-C 18 column (3.0 × 150 mm; particle size 2.7 µM; Agilent Poroshell 120, New Castle, DE, USA), operated at 25 • C. Analysis was carried out using a gradient elution program of 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) as a mobile phase at a flow rate of 0.5 mL/min. The following gradient system was used: 0-45 min, 5-30% B; 45-60 min 30-100% B and 60-65 min 100% B. UV detection was performed by scanning the samples at 210, 254, 280, and 360 nm. Electrospray ionization mass spectra (ESI-MS) were recorded in negative ionization mode. The mass range of m/z 50-2000 was scanned. For MS/MS analysis, collision energies were set automatically.
Conclusions
This study presents the comprehensive identification of chemical constituents of an ethyl acetate fraction of L. indica leaves using HPLC-ESI-microTOF-Q-MS/MS analysis. Here we identified 31 compounds, among them six phenolic compounds were isolated by column chromatography. Three novel dihydrochalcones derivatives were tentatively identified as 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-rutinoside, 4 ,6 -dihydroxy-4-methoxydihydro chalcone 2 -O-glucosylpentoside and 4 ,6 -dihydroxy-4-methoxydihydrochalcone 2 -O-(3"-O-galloyl)-β-D-glucopyranoside. A total of 24 compounds are reported for the first time in the genus Leea. Our results indicated that L. indica is a good source of diverse phenolic contents including phenolic acids (gallic acid and methyl gallate), polyphenolic (ellagic acid), flavan-3-ols (gallocatechin, epigallocatechin and epigallocatechin-3-O-gallate), flavonoids/flavonoid glycosides (kaempferol, quercitrin, myricitrin), dihydrochalcones (phloridzin and its derivatives), and dimeric catechins (theasinensin A dimers and theasinensin F). The wide range of potential bioactive compounds supports the diverse pharmacological activities of L. indica. Further research to identify and develop useful therapeutics and health supplements from L. indica is warranted. 
